Triangulation and trilateration data from two geodetic networks located between the western edge of the Great Valley and the San Andreas fault have been used to calculate shear strain rates in the Diablo Range and to estimate the slip rate along the Calaveras and 
Introduction
near Coalinga, California, has focused attention on the importance of understanding the rate of deformation to the east of the San Andreas fault in this region and its relation to the overall deformation in the Coast Ranges. In this paper we determine rates of deformation in the Diablo Range north of Coalinga from a triangulation and trilateration network and from line-length changes determined from short-range trilateration measurements within 10 km of the San Andreas fault. The geodetic data are used to place bounds on the rate of deformation across the Diablo Range and to estimate the rate of slip on the Calaveras and Paicines faults. These geodetic results are then compared with other geological and geophysical data from the Coast Ranges .
Tectonic Setting
In this section we give an overview of the tectonics of the central Coast Ranges. The rate and orientation of slip along the San Andreas fault, as well as the magnitude of shear stress in the fault zone, have been hypothesized to influence deformation throughout the Coast Ranges. We first summarize results from geologic and geodetic studies on the segment of the San Andreas fault between Hollister and Coalinga. We then describe the geological setting and seismicity of the study region. For comparative purposes, we also discuss deformation to the west of the San Andreas fault in central California. 
Geodetic Strain Rates
We make use of two geodetic networks to estimate current rates of &formation to the To distinguish between engineering and tensor shear strain, we denote the former by y and quote the units as pad, whereas the latter is denoted by e and is given in units of pstrain [Savage , 19831. Uncertainities in all cases are one standard deviation (a).
San Benito Network
A triangulation survey of the San Benito network was conducted in 1962 by the National Geodetic Survey. Seventy of the seventy-two directions utilized in this study were second-order observations (a priori uncertainity is estimated to be ad = 0.7", Federal Geodetic Control Committee, 1984) and two were third order (ad= 1.2"). An angle measurement is the difference of two direction measurements. The expected uncertainity in a second order angle measurement (aa) is 2Fd.; or about 1.0'. The order of the triangulation denotes the measurement precision, which is determined by survey procedures and is reflected in the degree to which internal checks of the data are satisfied [Thatcher, 1979al . The principal internal check is the triangle closure requirement that the angles of each triangle sum to 1800 plus the known excess due to the Earth's sphericity.
Triangle closures indicate that the standard deviation of a single angle is approximately 1.1" for these data, very close to the expected value.
In 1982 a trilateration survey of the San Benito network was performed by the USGS. From the changes in angles between the 1962 and 1982 surveys we calculate the horizontal shear strain rate components i.1 and h. In terms of the strain rate tensor, Eij, il= 611-&22 and = + &I, where the strain rate tensor is referred to a geographic coordinate system in which the l-axis is directed east and the the 2-axis is directed north.
The strain component y2 is equal to the decrease induced by strain in the right angle between northward-and eastward-directed lines, whereas y1 is equal to the increase in the angle between lines directed northwest and northeast. Thus, y1 measures the rate of rightlateral shear across a vertical plane striking N45"W (or the rate of left-lateral shear across a vertical plane striking N45'E) and measures the rate of right-lateral shear across a vertical plane striking eastward (or the rate of left-lateral shear across a vertical plane striking northward). Angle changes between the 1962 and 1982 surveys were used to obtain the two shear strain rate components (il and f2) or, equivalently the maximum shear strain rate (+, where = j12 + i22) and the orientation of the vertical plane with maximum right-lateral shear (v) [Frank, 1966; Prescorr, 1976 Results from the northern portion of the network which would be sensitive to slip on the Ortigalita fault are unfortunately weakened by this omission.
The strain rate parameters estimated on the basis of 25 angle changes in the central portion of the San Benito network, excluding angles to Bitter, Hepsedam or Panoche, wen i = 0.15 f 0.08 pad/yr, p = N16'E f 14' or w = N29'W f 14'. The standard deviations reflect both misfit and data uncertainities due to measurement imprecision. Although the= is no significant strain at the 95% confidence limit, the orientation of the principal strain directions are consistent with the geological structures of the region. The azimuth of the least compressive strain (N74'W f 14') is close to the trend of the major fold structures of the region (N65"W). The shear is also close to the trend of the major strike-slip faults of the region.
To search for significant strain inhomogeneity, the shear strain parameters were estimated from spatial subsets of these data, again excluding the Bitter, Hepsedam, and Panoche stations (Table 1) . There is a trade-off between improving the precision of the strain estimate by using a large number of angles and averaging spatial variations as the size of the sampled region is increased. In the first case, the data were broken into two distinct groups, one set closer to the Great Valley ("east") and one set closer to the San Andreas fault ("west"). If the measured rate of shear strain were due to strain accumulation on the adjacent San Andreas fault, the predicted rate of shear strain would be higher in the west subnet. Alternatively, if the rate of compressive strain was higher across the folds near the Great Valley, the east subnet might show a higher shear strain rate. There is no suggestion of a significant rate difference between the strain rates determined fiom the east and west data subgroups. The set of 25 angles were also divided into '*north'' and "south" sets to look for any change which might be associated with along-strike variations on the San Andreas and Calaveras-Paicines faults. Although the strain results differ in the subnets, particularly in the orientation of maximum compression, the rate and orientation of strain in the various subregions are not significantly different than the average value determined from the complete set of 25 angles.
If we assume that the strain perpendicular to the fold structures is homogeneous across the region between the western edge of the Great Valley and the western extent of the San Benito network (average width of 30 km) and that there is no extension parallel to the fold structures, the average strain rate corresponds to 4.5 f 2.4 d y r of shortening. 
Comparison of Geodetic Strain Directions with Principal Stress Directions and Orientations of Geological Structures
In this section we compare the geodetically determined incremental strain h t i o n s to the orientation of the maximum principal stress (01) estimated from wellbore breakouts and the azimuths of P-axes determined from earthquake focal mechanisms. The orientations of principal stress directions determined from breakout orientations, earthquake fault plane 
19881.
Due to extensive drilling for oil east of the San Andreas fault, a large number of wells have been available for measurement of stress-induced wellbore breakout orientations. As may be seen in Figure 4 , the breakout orientations and the P-axis directions are very similar to the orientation of maximum compressive strain implied by the trend of local fold structures. Along the western edge of the Great Valley and near Coalinga, the direction of 01 inferred from the breakout orientations and two earthquake focal mechanisms and the orientation of maximum compressive strain inferred from the fold trends, is N30-50'E. To the northwest of Coalinga, including the region spanned by the San Benito network, the direction of maximum compressive strain estimated geodetically and the orientation predicted from the azimuth of the local fold structures and the 01 direction inferred from one wellbore breakout Orientation and the P-axis orientation of the Idria earthquake is N12-25'E. Mount and Suppe (19871 suggest that the folds in this area have been inactive since the Miocene; the rate of deformation determined for the region spanned by the San Benito network suggests, however, that ongoing compressive strain is being accommodated across these folds. Within 5 km of the San Andreas fault, the 01 direction inferred from one wellbore breakout orientation and the direction of maximum compressive strain inferred fiom azimuths of folds is N30'-60'E. [Horns et al., 19851 . Also, the local stress field orientation may differ from the regional stress field due to material heterogeniety. Finally, as will be discussed in the next section, there is the additional complexity that deformation in the Coast Ranges is related, in the kinematic sense, to the overall deformation across the Pacific-North American plate boundary.
Relation of Deformation East of the San Andreas Fault to the Overall Deformation in the Coast Ranges
In this section we examine the rates and sense of deformation estimated for different subregions of the Coast Ranges, and we discuss the relation of these results to the accommodation of Pacific-North American plate motion as constrained by global plate models and other regional studies. Finally we briefly suggest future geodetic studies which may provide additional constraints on the rate of deformation in the Coast Ranges. A compilatation of rates of deformation in the Coast Ranges, separated into estimated rates of right-lateral strike-slip motion on specific faults and rates of distributed compression, is given in Table 4 . In general the geological data are most useful for placing upper and lower bounds on rates and for indicating long-term modes of deformation. The large range in most geologically determined rate estimates are due to uncertainities in dating rock units and in the interpretation of geological reconstructions. To extrapolate incremental strain rates determined over a geologically short interval to infer long-tern slip rates requires that the measured process accumulates strain in a temporally uniform manner.
Temporal variations in the rate of strain accumulation, however, have been documented to occur during and after large earthquakes [Thatcher, 19861 , and there is a suggestion that the rate of slip on the Paicines and Calaveras faults changed at about the time of the 1979 Coyote Lake earthquake (see earlier section). An additional complexity involved in using geodetic data is that the measured strain rate may be due to the superposition of more than one ongoing geologic process. This case is illustrated by geodetic data from the USGS San Luis network located near Parkfield, California (Figure 5) . When subregions of the San Luis network within the Coastal Belt province were examined the rate of strain was found to be right-lateral shear strain at the orientation of the San Andreas fault [King et ai., 19861. As discussed in Table 4 , Harris and Segaii [ 1987lwere only able to estimate the rate of fault-normal compression by including it as a parameter in their inversion. As discussed above, on the segment of the San Andreas fault adjacent to the San Benito network, fault slip occurs primarily through creep and we would expect little right-lateral shear strain accumulation associated with the San Andreas fault to be measured on off-fault geodetic lines. Thus we interpreted the rate of strain determined from the San Benito measurements to be associated with the fold structures of the region.
To explore the implications of the constraints provided by the San Andreas discrepancy vector we compare the predicted rates of fault-parallel and fault normal deformation to the values given in Table 4 . There are several faults on which recent rightlateral strike-slip displacements have been observed. At this point we cannot distinguish between a model in which 5 d y r of predicted fault-parallel motion is distributed over all the strike-slip faults in Table 4 and a model in which only the San Gregorio-Hosgri fault accommodates the predicted slip rate. The geological and seismicity data (Figure 1) suggest that northeast-southwest compression may be localized to two regions, the 30 lun- 
Summary
We have examined triangulation and trilateration data from two geodetic networks that lie within the region north of Coalinga, California, between the Great Valley and the San Andreas fault. The shear strain rate was determined to be 0.15 & 0.08 pad/yr for the Diablo Range region. If we assume that this deformation is due to compression across the folds of this area, as is suggested by the orientation of the axis of maximum compressive strain (N16'E fl4'), the average shear straining corresponds to a relative shortening rate of 4.5 f 2.4 d y r .
We compared the geodetically determined incremental principal strain direction to the orientation of maximum principal stress directions estimated from wellbore breakouts and the azimuths of P-axes determined from earthquake focal mechanisms east of the San Andreas fault in central California. The breakout orientations and the P- The axis of maximum compressive strain (p) determined from triangulation and Materation data is given along with the uncertainity in the direction. Table 4 ). The line A-A' is that for which Namson and Davis, [1987] constructed their geologic cross section, see i in Notes for Table 4 . The time period of observations are given in the decimal fiaction of year. 
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Notes for Table 4 a Hart et al. [1986] .
b Sieh and Jahns [1984] . 
